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Dear Dr. Granda:
This letter report providesthe Task 2 (literature review) deliverable for the above-referenced project. It
summarizes research, guidance, and current practice regarding the provision of roadway-based real-time

travel time information.

The findings are provided in two attachments, which are described below. This summary is based on a
review of published literature, internet scans, and expert contacts.

Project Background and Purpose

Travel timeisone of the most important pieces of information that can be given to motorists.
Communications and display technologies now exist that permit the provision of key travel information to
driversin red time. Travel time, speed, or delay information is typically given by destinations or
roadway segments, using changeable message signs. Such real-time travel time displays are increasingly
used in the United States, and more extensive use and innovative displays are seen in other countries.
Travel time information has the potential to improve driver decision making, resulting in benefits to
individual travelers and improved performance of the roadway system. There does not currently exist a
good empirical basis, or adequate design guidance, for providing information in away that most
effectively aids motorists. The information provided must be useful, understandable, timely, credible, and
safely used, and should result in predictable effects on route choice and route diversion.

The purpose of this project is to conduct human factors research to establish a basis for effective
provision of real-timetravel time information. The focusis on the presentation of estimated travel time,
or related information such astravel speed, delay, or congestion level, in rea time to motoristsvia
changeable message signs.  Such systems will only work well if they are designed with consideration of
driver information needs and an understanding of the driver decision process. Motorists must receive the
type and amount of information that they need and can process effectively while driving. This project will



conduct empirical research to better understand and quantify driver response and determine the factors
related to display effectiveness. The Task 2 literature review presented in this |etter report provides a
basis for developing a specific research approach and experimental plan (Task 3), which may include
laboratory, simulator, instrumented vehicle, and other methods.

Information Search Activities

Keyword searches and scans of key journals and reports were used to identify available literature relating
to the human factors aspects of real-time provision of travel time information. Two major FHWA
research programs provided substantive literature reviews in the late 1990’ s (Campbell, Carney, and
Kantowitz, 1998, Human Factors Design Guidelinesfor Advanced Traveler Information Systems (ATIS)
and Commerical Vehicle Operations (CVO); Lerner, Llaneras, and Huey, 2000, Analysis of Travelers
Preferences for Routing: Final Report). The present review took those reviews as a starting point and
focused its search activities primarily on literature from the past ten years. More than 130 documents
were acquired and reviewed for relevant information.

The project aso sought information on current practices and rational e regarding the use and display of
travel timeinformation in the United States. This was accomplished though internet searches and through
formal requests for information. While the resulting summary cannot be deemed completely
comprehensive, we identified a very broad range of jurisdictions providing travel time information and
which use avariety of different practices.

The reguest for information on current practices was distributed to States participating in the Pooled Fund
Study (PFS) program, and to the Transportation Research Board (technical committees AND20 User
Information Systems, AHB15 Intelligent Transport Systems, AHB20 Freeway Operations), Institute of
Transportation Engineers (Management and Operations/ITS Council), and American Association of State
Highway and Transportation Officials (Standing Committee on Highways). The request briefly described
the pl’Oj ect and itsinterests and specifically indicated interest in the following sorts of information:

Any research or evaluation on thistopic, including unpublished or informal studies

Examples of implementation of real-time travel time systems

Practices and policies on what to display and how to display it

Available guidance or standards on the topic

People or agencies that may be especially knowledgeable or have unique information (with

contact information if you have it)

Any thoughts you might want us to consider in the course of conducting this information search

The responses to the information request were supplemented with information and contacts identified in
another on-going project that included some consideration of travel time information provision, NCHRP
Synthesis 20-5/Topic 38-11, Dynamic Message Sgn Displays During Non-Incident, Non-Roadwork
Periods. We thank Dr. Conrad Dudek, who is conducting that project, for generously sharing the
information he assembled. We aso thank Jimmy Chu from the FHWA Office of Transportation
Management for sharing his knowledge of ongoing activitiesin this area.

The findings of thisinformation search are summarized in two attachments to this letter. Thefirst
(Attachment A) isamatrix that summarizes current U.S domestic practice, as we were able to identify it.
It shows the jurisdictions that are providing on-road rea-time travel time information and indicates key
features of many jurisdictions' practices. Associated with this matrix is aset of photographs and images
that illustrate the travel time displays for many jurisdictions. The second attachment (Attachment B)



provides the summary findings of the full information search. It includes findings and opinion from
published research and expert contacts. The findings are organized around a broad set of research
guestions.

Summary of Current Domestic Practice

Attachment A listsjurisdictions that were identified as providing on-road real-time travel time
information as of June, 2007. For each of the 32 jurisdictions, the matrix indicates the location, type of
information provided, means of presenting the information, and other details. As a supplement to this
table, illustrative photographs or images related to many jurisdictions are provided in an attached file.
The matrix in Attachment A shows the diverse range of practices currently used in the U.S. aswell asthe
limitations to current practice. For example, in contrast to some other countries, the U.S. does not appear
to make use of dedicated travel time displays, diagrammatic displays, or congestion coding. The
discussion of particular practicesidentified in the table are integrated into the summary of findingsin
Attachment B.

Summary of Key Issues and Related Findings

A primary purpose of the Task 2 information search isto provide a basis for the selection of the research
guestions that will be addressed in the experimental research phase of thisproject. A number of key
guestions were identified in the Task Order Statement of Work and in the proposal for this project.
Additional questions emerged in the course of the literature review and expert discussions. We used these
guestions as a means of structuring the findings of the information search. Attachment B providesthe
summary. The findings are organized under headings representing major human factorsissuesin travel
time reporting. Below each heading are human factors questions relevant to the topic and findings related
to each question in the form of research results, guidelines, current practice, and expert opinion and
experience. In some cases, no findings were identified for particular questions.

Subsequent to FHWA review and comment on this letter report, Westat will derive the preliminary set of
research questions to be addressed in the research phase and devel op a draft research work plan. Thiswill
then be circulated for review and discussion by FHWA and PFS participants. Therefore we hope the
reviewers of thisletter report will consider whether there are any important issues which may not have
been explicitly identified.

Sincerely,

Neil Lerner
Project Manager



ATTACHMENT A:

SUMMARY MATRIX OF
CURRENT U.S. TRAVEL TIME PRACTICES
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Matrix of Travel Time Program Characteristics
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State L ocation Hours of Operation o< e jwl J 10> F = = = == =l 2 Banner text phase =
CA Bay Area (dist 4)* 0500-2100 daily Y 1 MIN 4-20 mi Y | N 60s | TRAVEL TIMETQ" 3
CA Los Angeles & 0500-1900 M-F Y 1 MIN N 180s | TRAVEL TO; none® N 2
Ventura Cos. (dist 7)*
CA Inland Empire (dist 8) Y 1 MIN N MINUTESTO 2
CA San Diego (dist 11) Y 1 MIN N TRAVEL TIMETO N 2
CO statewide Y
DE Wilmington
FL Jacksonville
FL Orlando (I-4) 24/7 Y Y Y Y 1 MIN Y none travel time 2
GA Atlanta* 0600-1100 M-F; 0800-1000 Sat-Sun; Y YOlY |Y % 2-3 | MIN 5-15mi HOV uses destination rd/exit as banner; on smaller arterial
and when congested “TRAVEL TIME:” shown at bottom® | CMSonly
IL Chicago* 0500-1000, 1500-1900 M-F; Y Y Y 1 MIN Y | express/local none? travel time, various | 3
and when congested
IN northwest corner
KY Louisville
LA Baton Rouge* Y Y Y 3 MIN none (destination is top line)
Ml Detroit
MN Minneapolis
MO Kansas City* & St. 0600-1000, 1500-1900 M-F; Y Y Y Y 1 MIN none incident 3
Louis and when congested
NC Raleigh
NY New York City
OH Cincinnati
OH Columbus
OR Portland* only when congested Y 35" | MINS 3-15 mi TRAVEL TIMETO N
TN Knoxville
TN Nashville* 24/7 Y Y Y 3 MIN none 1
TX Dallas Y Y 2 MINUTES TRAVEL TIMETO
TX Fort Worth Y Y
TX Houston* 0530-1930 daily; and when congested Y Y Y 1 MIN Y Y | 600s | TRAVEL TIMETO N'
TX San Antonio* 0600-2200 daily Y Y Y 3 MINS 5-10 mi, mostly TRAVEL TIMETO incident/congest
uT Salt Lake City* 0600-0900, 1530-1900 M-F Y Y 1 MIN 60s | TRAVEL TIME 2
VA Hampton Roads
WA statewide* Rush hour Y
Wi Milwaukee* 24/7 Y Y'Y |Y |1 MIN 3-23mi Y | N 60s | FREEWAY TIME TO' incident/congest

* See photos and images of travel time signs following thistable.
& Two-line CM S eliminate the header due to lack of space.

® When providing travel time to asingle destination, Bay Area CM Ss uses TIME TO as the banner (signs may be smaller than full

size.

¢ Atlanta displays average speed on freeways, but apparently only on two-phase arterial signs prior to freeway entrance.
4 Atlanta's signs that show travel time viatwo routes do not include distance to destination.
© If spaceislimited, TRAVELTIME is displayed as a single word.

" Webb (2004) suggests that travel times are shown 24/7 in some locations.
9 Although 2005 report shows “TRAVEL TIMESTO” as banner, current practice appears to include no banner.
h 5 minutesis used during periods of congestion when travel time predictability is low.

' Houston occasionally multi-phases travel timeinfo if other important information exists.
' Though Wisconsin’s VMS guidelines recommend against using landmarks, they are used when landmarks is more meaningful
to drivers than road names.
' Milwaukee area also has arterial CM S that display freeway travel time using the format “1-94 TRAVEL TIME.”
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Matrix L egend
Hours of operation. Indicates hours when travel times are displayed on CM S (using 24-hour time) and
days of operation.

Travel time, delay time, average speed. These columns indicate which type(s) of real-time traveler
information is provided on CMS.

Road name, exit number, landmark / town, distance. These columns indicate which types of
information is used to define a destination on atravel time CMS. ‘Distance means the distanceto the
destination.

Vary destinations. This column indicates whether travel time destinations on CM S are changed at
different times of day, days of the week, etc.

Travel timerange. This column indicates whether travel time signs provide a single number as atravel
time estimate or arange of time, where, for example, 2 means a two-minute range (e.g., 8-9 minutes).

Timeidentifier. The text used to represent ‘minutes’ on travel time CMS.

Target destination distances. Therange (in miles) of typical distances from travel time CMSto
destinations.

Travel time on alts. Indicates whether travel times are provided to destinations on roads other than the
current road.

Travel time on separated roads. Indicates whether travel times are provided specifically for particular
laneson aroad (e.g., HOV, HOT, express versus local).

Time of most recent update. Indicates whether travel time messages include the time that travel time was
last updated.

Update frequency. Indicates how often travel times are recalculated.
Banner text. The header information presented in the top line of travel time CMS, if any.

Use of second phase. Indicates whether travel time CM S may include a second phase of information,
whether related to travel time or not.

Max # of destinations. The maximum number of destinations presented on asingle travel time CMS.



Collection of Travel Time Sign Photos and | mages

California— Bay Area (Caltrans District 4)

Margulici (2006):

—

ST !Iﬂa!qlanc Alrport Fthur Fwy

Y souTH rnn Fresno |
ANES

Travel time format (Caltrans, 2006):

Sign format for travel times on alternate routes (Margulici, 2006):

TIMETO

RTE 92

FXXMIN

TRAVEL TIME TO SF DWNTWHN - XX MIN TIME TO
RTE 92 KX MIN SFO ARPT KX MIN RTE 280
SFO ARPT XX MIN OAK ARPT KX MIN KAX MIN



California—Los Angeles & Ventura Counties (Caltrans District 7)

Photos courtesy of Jeff Aragaki:
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Hoops & Gallegos (2006):
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Georgia—Atlanta

Atlantatravel time sign (Meehan & Rupert, 2004):

Georgia DOT

Sign replicas (http://www.georgia-navigator.com/signs):
NAVIGAIDR |55 55 5 OF JIMMY CART R BLUD
CHEEHTRENERC=FEETITOEE

SENINRAERD
TEAYELTINERENE=20MIIN

JurH12 08:41 @ 2007 GDOT

rAIGATER
I=Z2E8ENENEXTT

IINHINRREF
TEAMELTINERNLL=1Z0MIN

Jurk12 10:92 @ 2007 GDOT

Sign replicas showing travel times (top) and speeds (bottom) in both directions of a nearby
interstate highway (http://www.georgia-navigator.com/signs):

GDOT-LOM 5251
1-255 WWB AT WORTHSIDE DR

May-21 08:39 & 2007 GDOT

: SOOTCHEANT
MNAVIGATEHS B 5 DFCLEHRIaE

ZESNCONDITIONE
WEES [EEERET
AREARANNINS0XENEH
May21 075 @ 2007 GOOT
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http://www.georgia-navigator.com/signs
http://www.georgia-navigator.com/signs

Illinois— Chicago

I1linois Department of Transportation, 2005:

Chicago travel time sign messages (unformatted) (gcmtravel .com):

5 MIM TO MONTEOQSE
16 M TO O'HARE

26 MIMNUTES TO

CIRCLE

V1A EENNEDY

Phase 1: Phase 2:

10 MIFUTES TO 25 MINWTTES TO
MONTEOSE O'HARE

VA EENNEDY VA EENMNEDTY
Phase 1: Phase 2:
CERMATE, TOLL 20 MY TEUCES
DITTWI VLA 290 32 MM USE

DITWE VLA 90 52 MIN 2 RIGHT LANES
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L ouisiana — Baton Rouge

Baton Rouge travel time sign (Louisiana Department of Transportation and Development, 2007):




Missouri — K ansas City

Digitally altered photographs (KC Scout web site):

Electronic replicas of Kansas City travel time signs (KC Scout web site):
I1-470/291 10 MIN I-435 4 MIN
7 HWY 15 MIN DOWNTOWN 11 MIN

I-470/71 4 MIN STATE LINE 3 MIN
4 MILES AHEAD 1-470/71 7 MIN
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Oregon — Portland

Portland travel time sign format (Oregon Department of Transportation, 2005):

TRAVEL TIME TO
1-405 12-15 MIN
HWY 26 10-12 MIN
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Tennessee — Nashville

BRILEY
4.5 MI AHEAD
TRAVEL TIME 6-8 MIN
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Texas—Houston

Travel time sign replicas (http://traffic.houstontranstar.org/dms/dmstext.aspx):
TRAVEL TIME
T0 BW 8 ON 290

16 MIN AT 3:25

TRAVEL TIME
TO BELTWAY B8
8 MIN AT 8:56

TRAVEL TIME

TO FM 1960
10 MIN AT 8:56
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http://traffic.houstontranstar.org/dms/dmstext.aspx

Texas— San Antonio

San Antonio travel time sign (top), replica of atwo-phase travel time message (middle), and
combined congestion/travel time message (bottom) (Strain, 2005):

TRRAUEL T1

HUEBNER ° I NS
LP410 8=10 MINME

Phase 1: Phase 2:
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http://www.transguide.dot.state.tx.us/TravelTimes/signs.php

Utah — Salt L ake City

Utah travel time sign replica:
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Washington — Seattle

Sesttle areatravel time sign:

SEATILE
SELLEUUE

Seattle areatravel time sign replicas (http://www.wsdot.wa.gov/traffic/seattle/lvmg/):

BELLEVUE 20/ MIN

RENTON 43 MIN

WEDOT WMS-750 Jun G, 2007 5:532 AM PDT

SEATTLE A
BELLEVUE 27 MIN

WELOT WhS-338 Jun G, 2007 §:54 Al PDT

SEATTLE WVWIA
SR520 13 MIN
I-90 17 MIN

MWELOT WhS-702 Jun &4, 2007 518 AM PDT
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http://www.wsdot.wa.gov/traffic/seattle/vms/

Wisconsin — Milwaukee

Langer, 2005:

Recommended format for travel times on dternate routes (Wisconsin Department of Transportation,
2006):
FREEWAY TIME TO AIRPORT
VIA1-894 15 MIN
VIA 1-94 18 MIN
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ATTACHMENT B:

REAL TIME TRAVEL TIME RESEARCH QUESTIONS
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Audiencefor Travel Timelnformation

1. Who isthe audience for travel time information?

(0]

Portland identified 4 classes of driver: local commuter, local non-commuter, non-local
commuter, non-local non-commuter. Officials decided that local commuters would be
the primary audience for travel time information and designed system accordingly
(Oregon Department of Transportation, 2005).

Forth Worth designs travel time signs to accommodate local drivers because 90% of
traffic on roads during rush hoursislocal (Connell, pc).

San Antonio designsits travel time signs primarily to accommodate loca commuters
(Faridlo, pc).

Missouri designsits travel time signs primarily to accommodate local commuters
(Sommerhauser, pc).

A statewide survey in Florida found that drivers aged 18-49 were most likely to drive
during rush hour while older drivers were most likely to drive midday between rush hours
(Executive Board Workshop Briefing Regarding Customer Satisfaction Survey)

2. What are the best practicesto accommodate drivers who are familiar with an area (e.g., residents,
commuters) versus those who are unfamiliar with an area (e.g., tourists, business visitors)?

(0]

Driverswho are familiar with an area have higher expectations for information accuracy
than unfamiliar drivers (Campbell et a., 1998).

FHWA suggests that travel time signs might display distance to destinations rather than,
or in addition to, destination name because drivers unfamiliar with an area might not
know how to interpret atravel time to a destination of unknown distance (Meehan,
20054). Travel time CMSin Atlanta, Nashville, Missouri, and Baton Rouge include
distance to destination.

Orlando showed delay time rather than travel time until June, 2007 when they changed
software providers. The switch to travel time was made to ensure consistency with
Florida s 511 practices and to comply with the federal grant that provides funding for the
travel time system (Heller, pc).

Wisconsin recommends targeting messages to commuters during rush hours and to
general traffic during other hours. Wisconsin emphasizes use of landmarks (e.g.,
downtown, stadium) as travel time destinations during rush hours. Outside of rush hour,
Wisconsin primarily uses destinations that are used on static signs or that are easily
located on maps. For example, freeway interchanges should be identified by cross street
identifier rather than interchange name (e.g., Zoo) for general traffic, or distances should
be used rather than landmarks (Wisconsin Department of Transportation, 2006).

San Antonio often uses interstates as destinations because they are useful and relatively
familiar landmarks for all drivers, familiar and unfamiliar (Strain, 2005).

Idaho plans to use common names for destinations (e.g., Boise Airport, City Center) that
will be meaningful to drivers unfamiliar with the area (Koeberlein, pc).

Delay time can be good for familiar drivers like commuters, but others will have little
sense of what it means (Dembowski, pc).

Utah's current system is only especialy useful to drivers with ahigh degree of local
knowledge, but the upgraded system will add distance to destination to CM S and use
landmarks in place of some road names (especially for distance destinations) (Clayton,
pC).



o Although Missouri considers local drivers and commutersto be the primary audience for
travel times, distance to destination was added to CM S as a compromise to accommodate
drivers unfamiliar with the area (Sommerhauser, pc).

3. What are the particular information needs and preferences of commercia vehicle drivers and
emergency vehicle drivers?

o0 Commercial drivers often work on tight schedules and may find travel time especially
useful to plan around delays (Clayton, pc).

Driver Assumptionsabout Travel Time System

4. How do drivers believe that travel timeis calculated and how does this affect their trust and
behavior? How precise do they expect travel time estimates to be?

0 A lab study found that people inherently understand that travel timeis an estimate and the
time on the board doesn’t represent a precise prediction; however, drivers can use their
knowledge of local traffic patterns to predict how travel time has changed since the last
measurement, so the authors recommend adding time of most recent measurement
(Dudek, Trout, et a., 2000). Only Houston appears to include time of most recent
measurement on travel time CMS.

5. Do driversattribute erroneous travel time reports to outdated data, generally poor system
functionality, or an occasional system failure?

o

6. How do driversinterpret the presence of non-travel time message on CM S that normally displays
travel time? Do drivers understand that travel time is the default message and that other messages
are considered higher priority? Do drivers understand that (in most jurisdictions) travel timeis
only displayed during certain hours of the day?

(0]

7. How do drivers usetravel time CMS in conjunction with other traffic information sources (e.g.,
radio traffic reports, 511, pre-trip information)?

0 IntheBay Area, the travel time data used for CM S display is also the basisfor 511 travel
time reporting, private traffic reporting companies, and news organizations. The
consistency between various sources reinforces the validity of the information (Lively,

pc).

Perceived Value of Travel Time Information

8. How does the public feel about travel time information?

0 In San Antonio, peopleinitially considered travel time a nice-to-have feature, but now
that it’s been implemented people view it as a necessity (Strain, 2005).

0 According to asurvey conducted in the United Kingdom, people who liked travel time
information did so mostly because it keeps them informed; relatively few thought that it
minimizes delays, gives advance warning of conditions ahead, or alows better trip/route
planning. Of the few (12%) who didn’t like travel time or were uncertain, it was mainly
because they believed the information was inaccurate, that the information wasirrelevant



(0]

because there was no alternative to the route, or that travel time would encourage
speeding or driver distraction (Edwards, 2006).

In a 2004 survey, 82% of Houston respondents had a positive opinion of travel time CMS
(Texas Department of Transportation, 2005).

United Kingdom drivers strongly preferred travel time over general information/safety
messages (Edwards, 2006).

United Kingdom drivers thought both travel time (82%) and delay time (91%) were
useful (delay time may have rated higher than travel time because travel timeis only used
when conditions are normal) (Edwards, 2006).

Travel time information allows drivers to phone ahead and let others know they’ll be late
in advance (Hoops & Gallegos, 2006).

9. What outreach can be conducted to increase the value that drivers receive from travel time

displays?
0 Public feedback can help to identify popular locations to use as travel time degtinations
(Meehan, 2005Db).
o Jurisdictions can provide notification of planned travel time displaysto the public. For
instance, San Antonio posted the message “ TRAVEL TIMES ARE COMING IN XX
DAYS’ on CMS (Meehan, 2005b).
0 Public outreach campaigns can help to mitigate driver confusion and slowing following

travel time implementation (Meehan, 2005b).

M essage Content / Information Elements

10. What type of information can be provided to drivers regarding traffic conditions?

(0]

O O O O

Travel time

Average speed of traffic

Delay time (time in excess of free-flowing travel time or “normal” travel time)
Speed as percentage of free-flowing (e.g., 80%) (Lerner & Llaneras, 2000)

Traffic information should be quantitative rather than qualitative (Lerner & Llaneras,
2000).

11. What information do drivers want on CMS?

(0]

A survey of Houston drivers found that 93% wanted incident reports and 82% wanted
travel time. Many drivers though that incident reports were important, but that they need
travel timein addition to decide how an incident affects their trips (ITS for Traveler
Information).

For advanced traveler information systems (ATIS), the most desired/effective
information includes incident location, type, and estimated delays associated with
incidents, length of backup, suggested alternate routes, and alternate route directions.
Traffic maps with incident locations and segment travel times were considered highly
desirable (Llaneras et a., 1999; cited in Lerner et al., 2000).

Drivers generally want both descriptive information (reason for delay) and temporal
information (extent of delay). Descriptive information provides the context for the
temporal information (Lerner et a., 1998a).

Given the scenario of atraffic incident ahead, the information that most driverswant is
the location of the incident and the current delay (Lerner et al., 1998a).
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Drivers generally prefer traffic information in terms of time (travel time, delay time)
rather than traffic speed (Lerner et a., 1998a).

Drivers prefer quantitative descriptions of delay rather than qualitative descriptions
(Lerner et al., 1998b).

In asurvey, nearly 75% of driversin the United Kingdom suggested i mprovements to
existing travel time signs. Theseincluded (in rank order): information about the reason
for delay*, aternate route information, improved accuracy/timeliness of information,
improved CM S locations, add more CMS, and include travel speed (Edwards, 2006). *If
delay isincident/roadwork related, it is more likely that thereis a distinct endpoint to the
delay than if delay isjust congestion-related.

A survey of in-vehicle travel time information recipients found that drivers most wanted
the exact location of congestion. Following this, backup length, lane closure information,
type of problem, and average speed through the area were rated smilarly (Minnesota
Department of Transportation, 1998).

An online survey of driversin response to awork zone speed advisory system (which
provided the average speed of traffic through the work zone) found that 51% of drivers
wanted CM S to display average speed while 69% wanted CM Sto display delay time
(Pesti et al., n.d.)

12. What information do transportation agencies include on travel time CMS?

(0]

In California, delay time was considered good for drivers familiar with an area, but not
for unfamiliar drivers who might not know how to interpret it. Travel time was used
instead because many areas of California have a significant amount of non local traffic
(Jenkinson, pc).

Forth Worth specifically uses travel timesto major intersections (rather than landmarks
or distances) because 90% of the traffic that could use the signsislocal traffic (Connell,
pc).

In San Antonio, distance to destination is not included because there is not enough room
on CMS (Fariello, pc).

The Transportation Service Center manager for Illinois Department of Transportation
believes that drivers use of travel time CMS varies widely and that it is more meaningful
to drivers than congestion information (Galas, pc).

A lead ITS engineer for Texas Department of Transportation believes that commuters
who drive aroute daily develop travel time expectations and can calculate their own
delay time based on the difference from normal CMS travel time. Therefore, travel time
provides more useful information to commuters than delay time (Fariello, pc).

Utah is considering adding distance to destination to travel time CM S because travel
times don’t mean much unless drivers have a good sense of how far away the destinations
are (Clayton, pc).

When Utah upgradesits travel time system, distant destinations will be more general and
well-known (e.g., Salt Lake City), whereas closer destinations will be more specific, such
as landmarks or road names. Although Utah currently only uses road names as
destinations, Clayton believes that road names are too specific to mean much to drivers
who are along distance away, and may not have a sense of how far they are from the
road. (Clayton, pc).

Orlando includes travel time, distance, and destination name on CMS. ThislimitsCMS
to showing one destination per phase, so two phases are used to show second a second
destination (Heller, pc).



0 Missouri primarily uses street names that are also listed as exits on static signage as
destinations. “Downtown” is used as a destination because it applies to a broad section of
driverswhereas relatively few drivers may be familiar with specific exits on the city’s
Interstate loop. Some drivers have complained that downtown is too vague and they are
unsure where downtown begins (Sommerhauser, pc).

o0 Missouri shows distance to destination because drivers can easily compare distance
versus travel time to determine how well traffic is moving (Sommerhauser, pc).

0 Missouri opted not to show delay time because they considered it to be confusing to
drivers. Travel timeis more concrete and meaningful to drivers and implies greater
accuracy of calculations (Sommerhauser, pc).

13. Should travel time information be descriptive and/or prescriptive?

0 Descriptive (i.e., state the conditions) is more neutral because it makes no judgment and
suggests no action) and allows drivers to interpret the information themselves.
Prescriptive (i.e., suggest an action) may require a higher threshold of accuracy (e.g., if
you tell people what to do, you'd better be confident that it’s the best option).
Prescriptive information may have greater influence on driver behavior, which could be
positive in the viewpoint of traffic management centers (Lappin & Bottom, 2001).

o0 Prescriptive information (e.g., suggested rerouting) is more likely to be used by people
knowledgeable about arearoads (Lappin & Bottom, 2001).

0 Driver complianceis highest for messages that combine information with prescription,
followed by information only, and finally prescription only (Lappin & Bottom, 2001).

0 Driversgenerally preferred descriptive information (men in particular) on an in-vehicle
ATIS, but might be more willing to use route guidance and rerouting information if they
had more control over type of routing (e.g., use favored alternates, use local streets)
(Mehndiratta et al., 1999).

14. If adestination road has multiple names (e.g., name and number), how should it be identified on
CMS? What about destinations with names too long for CMS? For numbered roads, are the
letters necessary (e.g., 1-95 vs. 95, SR-76 vs. 76)? Should road names include their “surname’
(eg., RD, AVE, BLVD)?

0 Inpractice, agenciestend to use major numbered highways and interstates as destinations
on CMS. Minor roads, boulevards, etc., tend not to be used. For major roads, the
standard abbreviated highway designator isincluded in the name. Spaceisrarely an
issue because numbered roads occupy 3 characters at most. If space islimited, names are
sometimes abbreviated (e.g., DWNTWN instead of downtown, ATL instead of Atlanta).

0 Lab study found that route number prefix (e.g., RTE 28, 1-95) should be included on sign
because only 75% of people correctly identify number alone as route number (17% think
it’sthe exit number). This problem might be greatest among drivers who are unfamiliar
with the area (Dudek, Trout, et ., 2000).

15. If delay timeis reported rather than travel time, how should “normal” travel time be defined to
estimate delay time? How slow must traffic be to be considered delayed?

o0 Delay timeisharder for driversto “disprove’ than travel time, so delay time may be
advantageous in maintaining system credibility if time algorithms are error-prone
(Neudorff et al., 2003). Utah originally showed delay time for this reason, but switched
to travel time when data quality was improved.

16. If average speed or travel time reflects traffic in excess of speed limit, what information should be
provided?



(0]

(0]

Bay Area established a minimum travel time, which isthe lowest travel time that the sign
will display, regardless of actual traffic speed. Thisisdefined as the time taken to drive
the segment at the posted speed limit. A maximum travel timeis aso shown; itis
equivaent to 10 times the minimum travel time or 99 minutes, whichever isless. If the
measured travel time exceeds the programmed maximum, the line on the CMSis blanked
out (though Margulici, 2006 suggests that excessive travel time will be displayed as
OVER XX MIN). Implementers plan to select more realistic maximum travel times
when more drive time data is available (Caltrans, 2005b).

Chicago setsits minimum travel time for aroute to the time it would take to drive the
route at the speed limit (Webb, 2004).

17. How should travel time destinations be defined?

(0]

Destinations can be exit names (best for locals) or exit numbers (best for out-of-towners)
(Lerner & Llaneras, 2000).

Landmarks (e.g., downtown) can be useful as destinations because they are
understandabl e to both familiar and unfamiliar drivers, and they also often are vague
destinations that support the ideathat travel times are only estimates (Margulici et al.,
2006).

Washington state tends to use town names rather than specific interchanges because these
destinations are more general and allow for some imprecisionin travel time calculation
(Jacobson, pc).

San Antonio was unsure what to call a complicated interchange and ended up creating a
new name for the destination (410 South Cutoff). Drivers began to associate the name
with the interchange and news agencies began to use the name in their reports (Fariello,
pc).

Chicago uses either mgjor intersections or well-known landmarks as destinations. The
choice of which type to use depends on which is best known to commuters. In the case
of Chicago, landmarks must be more specific than “downtown” because downtown is 7
miles long, which is too broad to be used as a destination identifier. Destinations were
selected by Illinois Department of Transportation without public input, but Illinois
Department of Transportation considers public feedback with regard to destination
names. However, the travel time system isold and difficult to change (Galas, pc).

CA rgjected adding distance to destination to travel time signs because it seemed to be
too much information (Lively, pc).

Portland recommends selecting destinations that are known to a mgjority of drivers
(Oregon Department of Transportation, 2005).

Orlando primarily uses road names that are major exits from the freeway, but
occasionally uses mgjor landmarks such as a bridge (Heller, pc).

Wisconsin recommends that freeways be called by their numerical designation rather
than local name, though there can be exceptions where name is more familiar
(Wisconsin Department of Transportation, 2006). Destinations should be identified
by crossroad because this is consistent with static signage and allows driversto cross
reference information between CM S and static signage (Dembowski, pc).

Wisconsin specifies that CM S should not use landmarks such as DOWNTOWN or
AIRPORT (Wisconsin Department of Transportation, 2006), though this may be
done infrequently when landmark or interchange name is more meaningful to drivers than
official designations (Dembowski, pc).



0 Wisconsin changesits destinations on travel time signs depending on time of day. CMS
show destinations relevant to commuters during rush hours and more general destinations
for a broader audience outside of rush hours (M eehan, 2005a; Dembowski, pc).

o Cadliforniamust be careful about which exits are selected as destinations, especially when
travel times are shown for long distances between towns/cities, to avoid political
ramifications of which towns get named and which do not. Thisisagood reason not to
provide travel times over very long ranges on CMS, though 511 and web sites can be
used for this purpose (Lively, pc).

18. How can travel time information be provided between two locationsif the start point is not at the
location of the travel time CMS?

(0]

19. If delays begin somewhere between the CM S and a destination, how can drivers be made aware

of where delays begin? A similar information need may exist if delays end before the destination
reported on the CMS.

0 A two phase message may be used to display both travel time and congestion
information. Thisisdonein afew jurisdictions, including San Antonio (see photo below,
from Strain, 2005):

o U URUSSRUMUS L 1Y

0 Graphical route CMS allow drivers to seetravel times or congestion levels for multiple
segments of the roadway and can determine where congestion or delays exist (see
Question 43 for examples).

o Delay time (rather than travel time) CM S might be advantageous because they can report
the delay between any two points (e.g., Edwards, 2006).

20. Isthere away to inform the driver whether delays are improving or worsening? What value
would this have?

o A few traffic web sites provide thisinformation, but no CMS do in the U.S.

o0 Driverswho are familiar with traffic patternsin an area (e.g., commuters) may have a
sense of how traffic patterns develop over time. For example, congestion may tend to
worsen early in the morning commute (e.g., 7 am to 8 am) and then improve late in the
morning commute (e.g., 9 amto 10 am). Drivers familiar with these patterns may expect
their actual drive time to be somewhat better or worse than reported conditions.

21. How much information can be presented on atravel time CMS before driver and system
performance begin to suffer?

0 InaBay Areasurvey, 84% of respondents said three destinations on atragl time CMS
does not provide too much information, despite Caltrans concerns to the contrary (Bay
Areawas using some three-destination signs at the time of the survey) (Margulici, 2006).

M essage Design and L ayout

22. How should messages be constructed?

0 Itisimportant to standardize order of words, order of message information units, and
application of messages (Neudorff et a., 2003).



FHWA recommends no qualifiers on travel time (e.g., approximately, estimated) because
drivers understand that it’s not exact (Meehan, 20053).

FHWA recommends using general destination information (e.g., downtown) rather than
specific exitsfor travel time CM S where the destination is more than 10 miles away
(Meehan, 2005a).

Wisconsin recommends that all travel er information messages be limited to 8 words
(Wisconsin Department of Transportation, 2006).

Wisconsin uses all caps, with only one font and one font size (Wisconsin Department of
Transportation, 2006).

Wisconsin recommends proportional spacing rather than fixed spacing where possible
(Wisconsin Department of Transportation, 2006).

Wisconsin recommends justified format for travel time, but centered is used for al other
information (Wisconsin Department of Transportation, 2006).

Portland appearsto list destinations in reverse order (farthest destination is on top line of
CMS), but it isunclear if thisis standard practice (Oregon Department of Transportation,
2005).

23. Isasign header necessary (e.g., TRAVEL TIME TO:)? What should be used as a header?

(0]

Kansas City (KC Scout) determined that header information was not necessary because
people recognize travel time signs and eliminating header info frees up significant space
that can be used for message content (Webb, 2004). Baton Rouge and Nashville dso do
not use headers.

Utah plansto eliminate “travel time” header because it does not help drivers and replace
it with distance to destination when the system is overhauled soon (Clayton, pc).

FHWA says that header text such as“ Travel timeto:” is good but not necessary because
people understand the message when only destination and travel time are provided
(Meehan, 2005a).

Cdlifornia conducted focus group testing to determine the best header text. The public
wanted full sentences, but final text was a compromise due to limited space (Jenkinson,
pc).

Caltrans Digtrict 8 (Inland Empire) uses “MINUTES TO” as a header
(http://www.dot.ca.gov/dist8/tmc/webmap.htm)

Chicago uses “TRAVEL TIMES TO" as a header when there are 2 destinations, but
excludes headers when there are 3 destinations (Illinois Department of Transportation,
2005).

24. What are the best practices for abbreviations? How do they affect driver comprehension?

(0]

(0]

San Antonio did not test abbreviations with the public, but drivers figured out what they
meant (Fariello, pc).

Durkop & Dudek (2003) investigated driver comprehension of abbreviations on CMS.
Although most abbreviations were not directly relevant to CM S, percentages of
participants who correctly comprehended abbreviations ranged from about 80% to nearly
100%.

25. How should messages be formatted / laid out?

(0]

The Manual on Uniform Traffic Control Devices (MUTCD) (Federa Highway
Administration, 2003) states that:

§ “Changeable message signs should be capital letters and have a desirable letter
size of 450 mm (18 in) or aminimum letter size of 265 mm (10.6 in). Signs


http://www.dot.ca.gov/dist8/tmc/webmap.htm

should be limited to not more than 3 lines with not more than 20 characters per
line”

§

0 Table reproduced from report by Enterprise (2004, p 34-35):

State Display Details

Arizona 18" Character Height, 3 lines

California Full Matrix,12” to 60" Character Height (18" during typical
operation)

Georgia 18" Character Height, 1000’ Minimum visibility

lowa Full Matrix, 18" Character Height

Missouri 18" Character Height

Nebraska 1100’ Minimum Visibility

New Mexico Full Matrix, 12" Character Height

North Carolina

18" Character Height

Ohio

12" or 18” Character Height, Capital Letters Only

Oregon

18" Character Height

Pennsylvania

10 ¥2” Character Height (Absolute Minimum),
18" Character Height (Typical)

Utah Full Matrix, 12" Character Height on Surface Street VMS,
18" Character Height on Freeway VMS

Virginia Full Matrix, 18" Character Height, 3 Lines, 21 Characters per
Line

Washington 18" Character Height

0 San Antonio’s CMSs are primarily 3x18 character matrixes.

0 Wisconsin's CMSs are 3x21.

0 KansasCity'sare 3x21 (Webb, 2004).

0 Cadltrans has minimum spec of 3x16, formatted as shown below (Caltrans, n.d.):

Line 1 TRAVEL T I ME T O
Line 2 XXX XX XXX TTT M I N

Line 3 YYYYYYYY TTT M I N

8 character 3 character
target name time

TRAVEL T 1 ME T O

2 Target Example

1 Target Example

B EACH B L 11 M I N
2 2 FWY 19 M I N

TRAVEL T 1 ME T O
L AX 20 M I N
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Travel time sign in Los Angeles County (photo courtesy of Jeff Aragaki)

Travel time sign in Ventura County, CA (Caltrans District 7) (Hoops & Gallegos, 2006):

. ;
= :
T e Lig? : L = - st |
El- g "L

Nashville travel time sign (top) and replica (bottom) (Tennessee Department of
Transportation, 2005):
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BRILEY
4.5 MI AHEAD
S TRAVEL TIME 6-8 MIN

0 Atlantatravel timeformat (ITS Engineers, 2004):

00 =) 2] o] X 7| 2] a7l ]
AR 1 Y =P o A
(TIRIALVIE[L [T ME ] J1f2]-]1]4] [M[1]N]

0 Atlantatravel time sign (Meehan & Rupert, 2004):

argla DOT

L
3 p ;
Atlantatravel time sign replicas (not in true color) (Rupert, 2005):
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WESLEY CHAPEL=EZIT &Ba
g MI- AHERLD
TERYEL TIME: d4=5 HIHNM

OOWNTOWNTRTL
7 MI AHERD
TRAYEL TIME: Y-8 MIN

Baton Rouge travel time sign (L ouisiana Department of Transportation and
Development, 2007):

e — . " I
Portland travel time sign format (Oregon Department of Transportation, 2005):

TRAVEL TIME TO
1-405 12-15 MIN
HWY 26 10-12 MIN

Seattle areatravel timesign:
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0 Chicago area uses avariety of formats for travel time signs, including two-phase signs
(seelast two examples). The images from gcmtravel .com below reflect content, but not

actual layout:

5 MIM TO MONTEOQSE
16 M TO O'HARE

(0]
36 MINUTES TO
CIRCLE

o VIAKENNEDY

0 Phasel: Phase 2:
10 MIFUTES TO 25 MIMTUTES TO
MONTEROSE O'HARE

o VI&KENNEDY VIA EEWNHEDY

0 Phasel: Phase 2:
CERMAK TOLL 20 NI TRUCKS
DINTWI V1A 290 32 MDY UsE

o DNTWI VIA 90 52 MDY 2 RIGHT LANES

0 Bay Areatravel time signs (Margulici, 2006). The top photo shows proper procedure;
it’s unclear why the bottom photo shows destinations in reverse order:
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Oakiand AirportFthur Fwy
Y souTH rnn Fresno

ANES

destination (left) is most common. Three-destination replaces the banner text with the
nearest destination (center). One-destination (right) may have one or two phases (two-
stage is shown) and may be on smaller arterial CM S which necessitate shorter messages
(Travel times on changeable message signsin District 4: Field elements and system
configuration, 2006):

TIMETO

RTE 92

XHX MIN

TRAVEL TIME TO SFDWNTWN - 200 MIN TIME TO
RTE 92 XX MIN | |SFO ARPT XX MIN RTE 280
SFO ARFT XX MIN | |OAK ARPT X MIN XK MIN

Utah travel time sign replica:

THHWEL TIME
ol o e BRE

i HLE S (=

Examples of unformatted Utah travel time text (http://www.utahcommuterlink.com/):
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TRAVEL TIME TRAVEL TIME 5300 5 - 600 3

215 3 MIN 10600 S 9 MIN 157 MIN
10600 S 16 MIN

Utah previously used delay time rather than travel time because of alack of confidencein
travel time data. The display format was like this (Webb, 2004):

CONGESTION CONGESTION
400 S-BECK 5T I-15 AT 4005
20 MIN DELAY 30 MIN DELAY

San Antonio travel time sign (top) and replica of atwo-phase travel time message
(bottom) (Strain, 2005):

TRAVEL TIME TD
HUEBNER 5-7 MINS

LP4I10 B8-10 MINE

Although most travel time CMS in San Antonio report short travel times as UNDER 5
MINS, asign observed on June 6, 2007 appeared like this, possibly because there was not
enough space for UNDER 5 MINS

(http://www transguide.dot.state.tx.us/Travel Times/signs.php):

In Houston, travel time signs include time of most recent reading (see replica below)
because probe data can result in latency of up to about 10 minutes (this way drivers know
how outdated the info might be) (Texas Department of Transportation, 2005):

Kansas City, MO travel time signs showing single-destination sign (top) and three-
destination sign (bottom) (KC Scout web site):
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T —

I-470/71 4 MIN
4 MILES AHEAD

Electronic replicas of Kansas City travel time signs (KC Scout web site):
I1-470/291 10 MIN
7 HWY 15 MIN

I-435 4 MIN
DOWNTOWN 11 MIN

STATE LINE 3 MIN
1-470/71 7 MIN

Wisconsin travel time sign (Langer, 2005):

I

Seattle areatravel time sign replicas (http://www.wsdot.wa.gov/traffic/seattle/lvmg/):

BELLEVUE 20 MIN

43 MIN

Jun G, 2007 G553 Al PDT

RENTON

MSLOT Whis-Fa0

25 MIN
27 MIN

SEATTLE
BELLEVUE

WEDOT WhS-238 Jun G, 2007 §:54 AWM PDT
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(0]
0]

(0]
0]

(0]

o

SEATTLE VWIA
SR520 13 MIN

I-90 17 MIN

WSDOT WhMS-TOS Jun 4, 2007 G128 AM PDT

A portable work zone system used on [-95 in NC provided three levels of message:
general message (no delay), minor delay, and major delay (which was phased as follows:
TRAFFIC STOPPED AHEAD / 20 MINUTE DELAY / USE EXIT 141 ASALT)
(Bushman & Berthelot, 2005).

CMS in the United Kingdom use travel time when conditions are normal and delay time
when thereis amajor incident (see example replicas below) (Edwards, 2006):

TEAVEL TIME TO
j]12 CANMNOCK
30 MINS

M& J13 TO0 J12

CUNGESTIUN
15 MINS DELAY

United Kingdom journey time “link” sign to provide travel time on aroad other than the
current one (Highways Agency, 2003):

.H & JOURNEY TIME

,_I E: LE 9 r:-l "1' H H

26. If travel times to multiple locations are presented, how should travel times be ordered?

Most show nearest destination on top, but Chicago appears to order destinations both
ways (see below) (lllinois Department of Transportation, 2005):

Sz,
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(0]

Travel time CMS in Portland also appear to place the farthest destination on top (Oregon
Department of Transportation, 2005):

TRAVEL TIME TO
1-405 12-15 MIN
HWY 26 10-12 MIN

Travel TimeReporting

27. How should travel times be shown?

(0]
(0)
0]

FHWA recommends time range of 2-3 minutes (Meehan, 2005a).
Tennessee uses 2-3 minute range (Texas Department of Transportation, 2005).

Atlanta uses a 3 minute range for most destinations, but may use a 2 minute range for
especidly short trips or a4 minute range for especially long trips. The purpose of
showing arange rather than an exact number isto help ensure that the etimate is
accurate for most drivers (Meehan, 2005b).

Wisconsin Department of Transportation rounds up to the nearest minute (Langer, 2005).

Kansas City rounds up to nearest minute (KC Scout website). Webb (2004) reports that
theinitial plan wasto round to the nearest minute as the low range estimate, then add
20% as the high range estimate. It's unclear whether this was ever done.

San Antonio shows arange of 3 minutes so that people understand that travel timeis not
exact, but their own time will usually be withintherange. The actual calculated timeis
rounded down to the nearest minute to establish the bottom of the range, and two minutes
are added to establish the top of the range (e.g., 5.5 min calculated time will show as 5-7
min).

Orlando rounds up to the nearest minute, but travel time CMS on a privately owned toll
road in Orlando show arange of minutes. Florida Department of Transportation and the
private company do not coordinate travel time reporting procedures (Heller, pc).

Cdltrans has a scaled estimation regime: recommends rounding up to the nearest X
minutes, where X may be progressively larger astravel timeincreases (e.g., 17 minutes
rounds to nearest 5 minutes (i.e., 20 min); 44 min rounds to nearest 10 minutes (e.g., 50
min) (Caltrans, n.d.).

Cdliforniadisplays atime range because travel times are based on data from prior
vehicles and is therefore outdated rather than predictive (Jenkinson, pc).

Oregon Department of Transportation presents travel timesin range of +/- 1 minute
during most times, but uses a range of up to 4 minutes (+/- 2 minutes) for periods of
congestion. Thisis because travel timeis less predictable during congestion (Oregon
Department of Transportation, 2005).

In Wausau, Wisconsin, a portable CM S displays real-time traffic speed through rural
work zone (Vik, pc). Measurement isimprecise and reported speeds are rounded to
nearest 10 mph (e.g., 55, 45, 35) or stopped traffic ahead. Purposeis not to indicate
travel time so much asto warn drivers to expect slowing or stopped traffic (Dembowski,
pc).
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Travel time information should be supplemented with an indication of travel time
variability or typical range (Lerner & Llaneras, 2000).

Washington rounds to the nearest minute. Even though measurement is not preciseto
that level of accuracy, the public accepts it (Jacobson, pc).

28. What information can be provided to let drivers know whether current travel times are good or
bad (or better or worse than usual)?

(0]

Signs could report average travel time (or speed), but this information is probably
excessive on roadways (Lerner & Llaneras, 2000). In fact, Caltrans considered showing
average or normal travel times on roadside static signage, but opted not to do this (Lively,
pc).

Milwaukee' s online travel time site shows actua travel time and time in excess of normal
drive (i.e., delay time). Routeswheretravel timeisat least 20% greater than normal are
shown in bold.

29. If traffic isfree-flowing for al sign destinations, would a*no delays’ type of message have more
meaning to drivers than travel time?

(0]

30. If travel timeisfairly condstent from day to day, or if travel times are presented at times when
congestion very rarely occurs, will drivers begin to tune out travel time messages? If so, what
can be done to draw attention when conditions differ from the norm?

(0]

In Wisconsin, where travel times are displayed 24/7, Department of Transportation staff
believe that drivers become familiar with travel time signs and can tell with avery quick
glance if the travel times differ from normal (Dembowski, pc).

In Forth Worth, travel time implementer believes that that once drivers are familiar with
travel times, they only look at numbers, not text (Connell, pc).

Some drivers in Utah have complained that they begin to tune out travel time signs
because they show the same information all the time, so when important information is
presented, they tuneit out as well (Clayton, pc).

31. How often should travel time estimates be updated?

(0]

Wisconsin Department of Transportation updates every 60 seconds becauseit’s a
reasonable time for viewers to see updates and during congested times, travel timesare
highly variable (Langer, 2005).

Caltrans District 7 updates travel times every 3 minutes, though the system can
accommodate spans of 1 to 5 minutes (Caltranstravel time information project
summary).

Cdtrans Digtrict 4 proposed (as of Feb 2005) that the system update travel time when any
oneroute’s predicted timeis at least 2 minutes different than the calculated time, or
consistently off by 1 minute for 3 consecutive minutes. Updates are made every 15
minutes no matter what other conditions exist. Also, if data are unavailable for 10
minutes, the destination is blanked out from the CMS (Margulici et a., 2006).

Houston updates travel times every 10 minutes; afew locations are updated more
frequently. Houston’s best practices say that travel time information should not be older
than 15 minutes, though most jurisdictions update travel times much more frequently
(Texas Department of Tranportation, 2005).

Utah updates travel times every minute (Utah Commuterlink website).
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CMS Locations and Destinationsfor Travel Time Display

32. What road segments should travel times be displayed for?

(0]

(0]

(0]

FHWA recommends reporting for heavily used segments and choosing heavily used exits
as destinations (M eehan, 2005a).

Oregon Department of Transportation guidelines say that at least 50% of driverswho see
atravel time CM S should reach the destination shown on the CMS. In other words, CMS
shouldn’t show a destination that most driver will exit prior to (unless diverting due to
congestion) (Oregon Department of Transportation, 2005).

Oregon Department of Transportation guidelines say that travel time destinations should
be “well known to a mgjority of drivers’ (Oregon Department of Transportation, 2005).

33. What are appropriate maximum and minimum segment lengths (in miles or travel times) for
travel time reporting?

(0]

The longer the road segment, the more likely it isthat that travel timeswill be inaccurate.
However, longer travel times may be acceptableif there is along distance between exits,
if the mgjority of drivers are on the road for along distance, if the road is not proneto
major delays, and if the travel time calculation is relatively precise or predictive (Lively,
pc).

San Antonio posts travel times below 5 min as“UNDER 5 MINS’ and over 30 min as
“OVER 30 MINS’ because travel times over 30 minutes are too great to be accurate
(Faridlo, pc).

In the Atlanta area, travel times over 30 minutes are displayed as “30+ MINUTES’
(Meehan, 2005b).

Bay Areatriesto keep destinations between 4 and 20 miles from travel time sign because
more than 20 milesistoo hard to predict and less than 4 doesn’t provide useful
information to most drivers. A rule of thumb isthat at least 50% of driverswho see a
given destination should be going to or beyond the destination (unless congestion causes
rerouting) (Margulici, 2006).

Utah has some CM S that display travel times as small as 3 minutes, but these provide
little value to drivers, especially since distance to destination is not provided (e.g., 3
minutesis very good for a destination 3 miles away, but very poor for a destination 1
mile away) (Clayton, pc).

Portland suggests reporting travel time to destinations between 3 and 15 miles from the
CMS because travel times are difficult to predict for distances greater than 15 miles
(Oregon Department of Transportation, 2005).

Wisconsin Department of Transportation aims for travel times between 6 and 20 minutes.
6 minutesis so short that it’s hardly worth posting; more than 20 minutes can be
inaccurate and drivers can forget what information they saw on a CM'S many miles back
(Langer, 2005).

Oregon Department of Transportation recommends that destinations be 3 to 15 miles
beyond the CM S because travel times are too hard to predict for longer distances)
(Oregon Department of Transportation, 2005).

In the Bay Area, most travel times are for destinations 5 to 15 miles away.
In San Antonio, most travel times are for destinations 5 to 10 miles away.
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0 Inthe Atlantaarea, travel time destinations usually range from 5 to 15 miles away
(Meehan, 2005b)

34. How can travel time displays be implemented on special use lanes or separated lanes (e.g., HOV
lanes, HOT lanes, local/express |anes)?

o0 Chicago cdculatestravel times for express lanes and local lanes separately. They are
displayed on separate CM S (Galas, pc).

o Cdliforniadoesnot display travel timesfor HOT/HOV lanes, but does try to display
mainline travel times prior to HOT lane decision points. Some HOT lanes are managed
by private companies (Jenkinson, pc).

0 GeorgiaDepartment of Transportation provides travel timesfor HOV lanes
(http://www.georgia-navigator.com/abouit).

0 Seattlereportstravel times for mainline and HOV separately on its web site, but not on
CMS.

o Cdliforniahas considered adding travel time CMS for HOV, but is concerned that shorter
reported travel times on HOV will lead to increased violations and increased del ays.
HOV travel times will require coordination with enforcement if it is to be successful
(Lively, pc).

o Forth Worth is considering displaying travel time for HOT lanes, but specific plans are
uncertain because HOT lanes will be under different jurisdiction than mainline CMS
(Connéll, pc).

0 A prototype “lane choice panel” in the United Kingdom using both static and dynamic
elements might be one model reporting travel times on separated roads (Highways
Agency, 2003):

Journey Time to MB [J12)

M42 (N)
M6 (M)

Md2(W)
M5 (N)

|
|
65 MN i 75 MN
|
|

R it

Route Choice/ Diversion

(0]

35. What information can be provided about alternate routes or travel times on roads other than the
one that drivers are currently on?

0 San Antonio provides occasiond travel timesto amajor destination viatwo different
routes, but does not provide explicit routing guidance. Thisis because the CMS do not
provide enough space and because the target audience for travel time (commuters) will
generally know the best aternate routes and can decide for themselves whether they
should divert (Fariello, pc).
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Wisconsin recommends travel time on alternate routes be displayed like this (Wisconsin
Department of Transportation, 2006):

FREEWAY TIME TO AIRPORT
VIA [-894 15 MIN
VIAI-94 18 MIN

Houston can show travel time on an alternate route like this (Transtar website):

Seattle area can show travel time via alternative routes like this (Washington State
Department of Transportation travel time web site):

SEATTLE WVWIA
SR520 13 MIN
I-90 17 MIN

MWE0OT WhS-702 Jun &4, 2007 518 AM PDT

In the Bay Area, travel time on alternate routes is shown like this (Margulici, 2006):
DOWNTOWN

VIA 101 24 MIN
VIA 280 40 MIN

Atlantaarea has at least one sign that shows travel times on multiple routes, though this
sign appears to be designed for two separate audiences (those taking 75 South and those
taking 75 North) rather than showing alternative routes for a single audience (Georgia
Navigator website):

[ ]u]
1265 WE AT MO

May-21 08:39 € 2007 GDOT

Atlanta also has a sign that shows current speeds in different directions of the same road
(like the sign shown above, it is designed for two separate directions of travel) (Georgia
Navigator website):

LA

073 @ 2007 GDOT

In Barcelona, alternate route travel times are shown like this (Rupert et d., 2003):
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Given the choice between the two, drivers prefer travel time/delay information rather
than diversion information. Drivers can make their own routing decisionsif they have
appropriate information (Lerner & Llaneras, 2000).

Orlando showstravel time for the current road and an alternative route (toll road, which
is privately owned) on separate phases of a CM S and allows drivers to choose their own
route based on the information (Heller, pc).

36. What are the best practices for route diversion?

(0]

Expected trip time should be the primary factor for route selection/diversion (Lerner &
Llaneras, 2000).

If an alternate route is suggested, most drivers want to know the travel time for that route
(Lerner et a., 1998).

Potential time savings from diversion must be balanced against the travel time variability,
lower functiona class, more complex paths (especialy for unfamiliar drivers), and
potential for diverson to increase delays on alternate route (Lerner & Llaneras, 2000).

If diversion is recommended, travel time for the aternate route should be provided
(Lerner & Llaneras, 2000).

If transportation agency wants to encourage driversto use an alternate route, a clear time
savings should be shown for the aternate route. If minimal diversion is desired,
messages should confirm minimal time differences and minimize certainty about the
delay on the primary route (Lerner et a., 1998b).

If only minimal information can be presented, drivers prefer descriptive information to
route suggestions (Lerner et al., 1998b).

The language that indicates level of certainty in route recommendations can be
manipulated to influence the percentage of driverswho divert (Lerner & Llaneras, 2000).

If an incident is responsible for the recommendation to divert, the CM S should specify
where the incident is so drivers can return to original route beyond the incident (Lerner &
Llaneras, 2000).

Ideally, alternate routes should be freeways, have few turns and signals, require minimal
navigation, and immediately result in less traffic density (Lerner & Llaneras, 2000).

B-24



For commuters, route diversion should only be recommended if thetime savingsis at
least 20% (Lerner & Llaneras, 2000).

Chicago recommends that CM S be located upstream of decision points where drivers can
divert (Illinois Department of Transportation, 2005).

Wisconsin ‘passively’ encourages diversion by locating CM S before choice points, but
they arelimited in the ability to suggest alternate routes because if alternate routes are
under another agency’ s jurisdiction, the agency may be upset by the manipulation of
traffic on its roads and might feel that the freeway agency isimpinging on itsjurisdiction
(Dembowski, pc).

Cdlifornialocates travel time CM S before major decision pointsto allow driversto make
informed route choices. Explicit aternate route information practices vary by district and
are generally at the discretion of TMC staff. If there are multiple route options, CMS
may state “USE ALTERNATE ROUTE.” If thereisonly one acceptable alternative, the
CMS will state the route to take (Jenkinson, pc).

37. What factors influence whether drivers choose to divert (e.g., length of delay, cause of delay, trip
purpose, peak vs. off-peak hours, persona characteristics/driving style, familiarity with
area/dternates, availability of aternate route, expectations of travel time on alternate route,
availability of information about alternates, stress/uncertainty caused by diverting, degree of
expected time savings required to make diversion worthwhile)?

(0]

Drivers are much less likely to follow aroute recommendation if it requires diverting
from their original route (Mahmassani et a., 1998; cited in Lerner et a., 2000).

Drivers who are concerned with minimizing travel time uncertainty (such as commuters
who do not have flexible work arrival times) are more likely to seek travel time
information and reroute if they face delays on the primary route (Abdel-Aty et al., 1997a;
cited in Lerner et al., 2000).

Commuters who regularly drive different routesto work are not more likely to reroute
around atraffic incident than driver who use a constant route (Abdel-Aty et al., 19973;
cited in Lerner et al., 2000).

Y oung, higher income drivers with long commutes are most likely to divert to another
route. Females and people concerned with driving through unsafe neighborhoods are
least likely to divert (Abdel-Aty et al., 1997a; cited in Lerner et al., 2000).

Drivers who receive en-route traffic information are more likely to reroute around delays
and then return to the primary route beyond the congested area. Although en-route
information may increase diversions, the diversions may be of shorter average length if
driversreturn to the primary route beyond the congested area (Abdel-Aty et al., 19974,
cited in Lerner et a., 2000).

Drivers areinterested in minimizing travel time variability, not just travel timeitself, so
drivers may opt take the route with a more predictable travel time even if the dternative
islikely to have a shorter travel time, on average (Abdel-Aty et al., 1997b; cited in Lerner
et a., 2000).

Drivers prefer routes with fewer navigational maneuvers, segments, and traffic signals,
even if the preferred route may be slightly longer to drive (Abdel-Aty et a., 1997b; cited
in Lerner et al., 2000).

Inasimulated ATIS, agraphical representation of congestion ahead significantly
increased driver propensity to reroute, especialy if the congestion began immediately
after aconvenient rerouting decision point (Mahmassani, H., & Srinivasan, K., 1998;
cited in Lerner et al., 2000). This may have implications for graphical travel
time/congestion maps posted as freeway signs.
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0 On average, commuters tolerate arrival a work between 10 minutes early and 5 minutes
late. They are more likely to rerouteif predicted arrival is more than 5 minutes late
(Mahmassani, H., & Srinivasan, K., 1998; cited in Lerner et d., 2000).

0 Inastudy of an ATIS, drivers were more likely to comply with routing advice on a
freeway than on an arterial and when the suggested route involves few turns (Chen &
Jovanis, 1779; cited in Lerner et d., 2000).

0 Positive perceptions of traffic information accuracy has a significant effect on whether
drivers choose to comply with route guidance information (Chen & Jovanis, 1779; cited
in Lerner et al., 2000).

o Commuters are more likely to reroute if arrival time predictions exceed their preferred
arrival time (Mahmassani & Liu, 1997; cited in Lerner et al., 2000).

0 Given complete and accurate informationin an ATIS, drivers, on average, will generally
require atime savings of 22% for the remainder of their trip before they decide to reroute,
but the overall time savings must be greater than 4 minutes (Mahmassani, H., &
Srinivasan, K., 1998; cited in Lerner et al., 2000).

o Commuters are more apt to reroute to a faster route if they are running late to work than
if they are running early (Mahmassani & Liu, 1997; cited in Lerner et a., 2000).

o Trave timeinformation ismost likely to be used effectively on roads with high
variability of travel time and among drivers familiar with the area (Chorus, Molin, & van
Wee, 2007).

0 A survey of online travel time information found that 68% of usersin Pittsburgh and 86%
in Philadel phia who checked travel times online before leaving home changed their
routes based on the information. 47% in Pittsburgh and 66% in Philadel phia adjusted the
time that they left home based on expected travel time (ITS for Traveler Information).

0 A 2004 survey found that 85% of respondents changed route in response to travel time
information; 66% felt that this reduced their travel time, 29% were unsure (Texas
Department of Transportation, 2005).

0 A survey inthe Los Angeles areafound that drivers generally would not divert based on
travel timeinfo, but like to have the information (Caltrans, n.d.).

0 A survey found that 15% of drivers who received travel time information rerouted (the
summary does not clarify whether thisisfor agiven trip or in driver’s entire experience)
(Cadltrans, 2005a).

0 A lab study in the Netherlands found that drivers prefer routes with predictable travel
times over routes with unpredictable travel times, even if the predictable route has a
dlightly longer travel time, on average. Driverswill reuse aroute that took unusually
long the day before if the travel time prediction was accurate, but will pick a different
route if the travel time prediction was inaccurate (Bogers et a ., 2006).

Phasing / Staggering of Travel Time Information
38. Can travel time messages and other messages be shown in multiple phases?
0 Section 2E.21 of the MUTCD (Federal Highway Administration, 2003) states that:

8 “No more than two displays should be used within any message cycle.”
§ “Each display should convey a single thought.”
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§ “The entire message cycle should be readable at |east twice by drivers traveling
at the posted speed, the off-peak 85th-percentile speed, or the operating speed.”

0 Orlando aways shows two-phase travel time messages (one destination per phase).
Anecdotal reports do not suggest that the signs are causing distraction or dowing (Heller,
pe).

0 Missouri strongly prefers single-phase messages because two-phase messages were
reportedly causing traffic to ow on freeways (Webb, 2004). However, Missouri has
begun using two-phase messages to aternate incident information and travel time. Two-
phase CM S have received positive anecdotal feedback. Traffic had slowed when the
signs went into use, but a public information campaign returned the flow to normal. The
destination shown for an incident message is usually selected in order to give drivers an
accurate idea of where the delay will end and what the travel time will be to the
destination. Travel time and incident information support one another and help give
drivers a complete picture of the situation and its effects (Sommerhauser, pc).

0 Houston uses single-phase messages because survey results indicate that’s what drivers
prefer, though they occasionally use two-phase messages if there isimportant information
that can only be conveyed in that format (Texas Department of Transportation, 2005).

0 Idaho plansto show messagesin just one stage because two-stage messages have caused
slowdownsin the past (Koeberlein, pc).

0 Wisconsin has not experienced traffic problems or distraction as aresult of 2-phase
messages. It’'simportant to put CMSin location where driver cognitive demand is low
and it isvisible for along distance. When people get accustomed to seeing info on a
sign, it interferes with them less — they can pull the information they need more quickly
and have expectations about sign contents.

0 The“TRAVEL TIME TO” banner can remain and the destinations can be phased to show
additional destinations, but thisis uncommon in practice. Although his findings are not
directly relevant to travel time information, Dudek (2005) found that alternating one line
of athree-line CM S did not adversely affect message recall, but did significantly increase
reading time.

0 Oregon Department of Transportation only uses single phase messages to minimize
driver distraction (Oregon Department of Transportation, 2005).

0 San Antonio sometimes alternates travel time and incident/congestion messages (Strain,
2005):

0 Wisconsin aso sometimes alternates travel time and incident/congestion messages.

39. Can CMS be |ocated longitudinally to present relatively large amounts of information (whether
related to each ancther or independent) without overloading drivers (e.g., travel time information
on first CMS, rerouting information on next)?

(0]

Use of Color, Graphics, Symbols, and Dynamic Elements

40. How can color be used on travel time displays?
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0 TheManua on Uniform Traffic Control Devices (MUTCD) statesthat CMS... “that
display awarning or regulatory message may use a black background with a white,
yellow, orange, red, or fluorescent yellow-green legend as appropriate, except where
specifically restricted....” (Federal Highway Administration, 2003)

0 Wisconsin forbids use of color (Wisconsin Department of Transportation, 2006).

0 A seriesof studiesin the Netherlands on full color information panel signsfound that
color intensity is not agood way to indicate flow or a preferred route. Colors should
always be functional (i.e., only use color to represent meaningful information). Red
should only be used to represent blocked roads (note: thisisinconsistent with broad
practicein the U.S., where red often represents heavy congestion) (Roskam et a., 2002).

o0 For ATIS, road segments should be color coded green, yellow, and red to represent mean
speed of traffic flow. No more than threelevels of traffic should be coded. A fourth
level for stop-and-go or blocked lanes may be added if necessary (Campbell et a, 1998).

o Drivers make an intuitive connection between traffic light colors and green/yellow/red
traffic coding (Miller et al., 1994; cited in Campbell et al., 1998).

0 Thereisno conflict in using red (which typically represents danger) as a color code for
slow traffic in ATIS because slowing traffic may constitute a dangerous situation (Ross et
al., 1996; cited in Campbell et al., 1998).

41. How can animation be used on travel time displays?
0 TheMUTCD (Federal Highway Administration, 2003) states that:

8 “Thedisplay format shall not include animation, rapid flashing, or other dynamic
elements that are characteristic of sports scoreboards or advertising displays.”

8 “Techniques of message display such as fading, exploding, dissolving, or moving
messages shall not be used.”

0 Wisconsin forbids use of animation on CMS (Wisconsin Department of Transportation,
2006).

42. How can symbols be used on travel time displays?
0 InJapan, incidents are identified on graphical CMSusingared ‘X’ (Lerner et al., 2004):

ERR YA 7% [

Gotenba Shizuaka
/\
B
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Left Route | | i | Right Route
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Oi-Matsuda Tf':-l:

o

. 1.3Km7t

0 Japan also uses adifferent symbol for congestion, as seen at the left of the CM S below
(Highways Agency, 2003):
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43. Can graphical/map signs be used in place of text-only signs?

0 VicRoads Travel Time System (Victoria, Australia) shows travel time to destinations
(bottom-to-top) and color codes traffic for each leg as green (light), yellow (medium), or
red (heavy) (see below). Other signs are posted on arterials prior to freeways and code
traffic to major destinations (e.g., downtown) using color coded text stating light,
medium, or heavy. A survey found 70-90% public acceptance and 57% of respondents
reported that, based on color coding, the traffic they encountered was as expected, with
about even numbers reporting it to be more and less than expected (Lerner et al., 2004).

ESTIMATED
TRAVEL TIME

Pt ™

Bt =
2t win

o = e o |

0 Dutch/German project at AVV Transport Research Centre in Delft devel oped prototype
full color information panels (FCIP) for freeway directional guidance within
TRAVELGUIDE Project (see below) (Lerner et al., 2004).

VENIN Reistijd P Scheveningen

10 min 10 min g

35 min. 20 min.

0
0 Another sign from AVV (Lerner et a., 2004):

B-29



0 - : '
o InJapan, atravel time CMS (top) and an incident/congestion graphical CM S showing
aternate routes (bottom) (Lerner et al., 2004):
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0 Japanese GRIP (left) and congestion information panel (right) (Highways Agency, 2003):
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0 German GRIP that began operating in Munich areain 2003, with dimensions shown
(Highways Agency, 2003):

Verkehrslage Minchen

Stutigart :
Migilerer o X * height 210 mm
ng il

Sign Face Width 8000 mm

Sign Face Height 6200 mm

Route Width 240 mm

0 >
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0 Proposed GRIP journey tim
(Highways Agency, 2003):

JOURMEY TIME TO M6 (J12)

M6 (J12)
Panel Size using Medium Font

®— height' 300 mm

Sign Face Width 9475 mm

Sign Face Height 13560 mm

Area 12845 m*

Route Width 450 mm

M42(N)
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JOURNEY TIME TO MB (J12)

MB l‘..ﬂ%} Panel Size using Motorway Font for
\ = _MB(T)

route numbers

. (65 MN]

*— height’ 300 mm

Sign Face Width 10385 mm

Sign Face Height 15930 mm

¥ Area 165.46 m*
[ ma2w) . ﬁ
lm Route Width 600 mm

0
44. If agraphical route map sign is used, should al road sections be color coded, or should color only
be used where congestion exists?
0 Driversmay interpret blank (unlit sections) as meaning that the section of road is closed
(McCabe & Valera, 2003) or that speed/travel time data is unavailable.

45. Isthere any value to flashing full messages or parts of messages?

0 Dudek (2004) identifies this as atop-tier research issue, but finds that reading time may
increase. None of the jurisdictions that have travel time CM S flash messages.

0 Dudek (2005) recommends language added to the MUTCD to limit or forbid flashing
message elements based on research that shows show degradation of reading
time/comprehension and no meaningful benefits.

46. How does driver comprehension differ between various graphical and text travel time displays?

o Simulator study in UK by Richards et al. (2005) compared the signs shown in the two
figures reproduced below. Participants viewed signs in simulated environment, then
answered questions such was “what was the journey time to XX road?’ and “which route
was the fasted to XX town?’ Signs4 and 11 (both text-only) had the highest
comprehension and recall rates. Participants aso reported having the fewest problems
understanding these signs. Signs 8 and 9 were considered easiest to understand, though
only by asmall margin.
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Figure 2a. Sign Designs Used in the Research Used in the Research. 17 and 12 are flashing

versions of 3 and 5 respectively. Yellow and green routings are used in Sign 3and 10, while
a vellow green and red scheme is used in Sign 3.
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Figure 2b. Sign Designs Used in the Research (continued). 7 is a flashing version of 14. A
yellow and green scheme is used in Sign 13, while a vellow, green and red scheme is used in
siens 14, 18 and 20

Relationship between Travel Time CM S and Static Signs

47. How can CM S and static signage be used in concert to combine benefits?
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o CA initially considered posting delay time on CM S with a static roadside sign that
identifies normal drive time, but rejected theidea (Lively, pc).
0 Longldandisplanning to implement travel time within static signage (PBS&J, 2004):
Estimated
Travel Time To
B @ =
| =
XXXMin|XXXMin| XXXMin
0
0 Graphica route maps, or GRIPS, typically have a static map and often have static

destination text, but segments of the route or travel times can be varied.

0 Wisconsin recommends that exit designations be identical to phrasing on static signage
(Wisconsin Department of Transportation, 2006).

o Static signs should not be collocated with CM S because this may cause info overload
(Agah, 2002).
0 UK project proposed combined static/variable journey time sign (Highways Agency,
2003):
Journey Time to M42(J10)
M5 (N) / M6 (S) 65 MN
M42 60 MN
0

48. Can travel time be used to help people coordinate (or encourage) use of other transportation
modes (e.g., public transport)?

o0 Thisisagreater concernin Europe, where more viable transit aternatives often exist,
than in the U.S. (Chen, 2002).

0 InCologne, Germany, arterial travel timeis shown in contrast to other travel modesin
the vicinity of park-and-ride locations to encourage people to use transit if roads are
congested (see below) (Federal Highway Administration, 2006):
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49. |Isit appropriate to collocate travel time CMS with other CMS or static signage?
0 San Antonio apparently doesthis:

0 Sodoes Caltrans District 7 (photo courtesy of Jeff A

ragaki)
’ -iji,,rf_?.lh_'
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Message Prioritization, Hour s of Use, and Failure M odes

50. Where doestravel timefall in the CM S message priority hierarchy?

(0]

(0]

“Messages advising the driver of incidents, work zones, adverse weather, environmental,
and road conditions, and other emergency situations shall take precedence over travel
time messages.” (Dudek, 2003)

Invirtualy al jurisdictionsin the U.S,, travel time is the default message, but it has the
lowest priority except for public service announcements (e.g., Oregon Department of
Transportation, 2005).

Orlando CM S show travel time as a default, but show congestion information instead
when congestion occurs (Heller, pc).

51. During what hours should travel times be displayed?

(0]
(0]

Travel time may be shown during peak and off-peak hours (Dudek, 2003).

Houston is capable of 24-hour operation, but typically posts travel times between 5:30 am
and 7:30 pm daily, and any other time that traffic becomes congested (e.g., following an
incident) (Texas Department of Transportation, 2005).

As of August 2005, Los Angeles shows travel time 5 am to 7 am, Monday through Friday
(Cdltrans, 2006).

San Antonio displays travel times from 6 am to 10 pm.

Atlantadisplays travel times from 6 am to 9 pm, Monday through Friday, and 8 amto 8
pm Saturday and Sunday (Webb, 2004).

Idaho plans to show travel time messages only during rush hours or related to special
events because congestion in the areais generaly very minor (Koeberlein, pc).

A survey found that the public did not want travel time information when traffic was
flowing freely, so Oregon Department of Transportation only shows travel times when
there is congestion (Oregon Department of Transportation, 2005).

Nashville shows travel time all the time, unless a higher priority incident messageis
displayed, which happens about 20% of the time.

In the Milwaukee area, travel time is shown 24 hours per day (Vik, pc). Thisis because
itisagoal to keep signs from staying blank. Doug Dembowski believes that 24-hour
travel timewill not lead to drivers tuning out the signs because he thinks that drivers get
accustomed to the signs and begin to only look at the numbers and they are attuned to
changes from the usual humbers (Dembowski, pc).

Chicago shows travel times during rush hours (5-10 am, 3-7 pm) and after incidents
(Illinois Department of Transportation, 2005).

In Salt Lake City area, Utah shows messages on weekdays from 6-9 am and 3:30 to 7 pm
(Utah Commuterlink website).

Ventura County, California shows travel time from 5 am to 7 pm on weekdays (Hoops &
Gallegos, 2006).

Orlando showstravel times all the time in accordance with its federal grant, but would
have preferred to show travel times only when drivers need them (i.e., during hours when
travel times are variable and unpredictable) (Heller, pc).

Missouri shows travel times only during rush hours because there is very rarely any
congestion a other times, so travel time would not be beneficia. It was also felt that
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keeping travel times on al day would lead driversto ignore the information because the
information was not helpful most of the time (Sommerhauser, pc).

52. What should CM S show when travel timeis not displayed?

(0]

(0]

FHWA encourages operators to not leave CM S blank; make travel time the default
display; and make al new urban CM S travel time-capable. However, travel timeis
generally lower priority than incident reports and amber alerts. Inthe U.S,, there are
currently no CM S dedicated to travel times (Meehan, 2005a).

The impetus for Wisconsin's travel time implementation was largely because people
complained that CM Ss were often blank and seemed like a waste of taxpayer money
(Langer, 2005).

Idaho plans to make travel time alow priority, so it will be preempted by amber alerts
and traffic management messages (Koeberlein, pc).

53. If travel time information is unavailable due to system failure or because travel time information
is not shown at al times of the day, what should be shown? How do drivers react to alack of
travel time information and what reasons do they attribute to the lack of information?

(0]

(0]

Experience in many jurisdictions suggests that drivers hate blank signs, general safety
messages (e.g., buckle up), and vague information (e.g., congestion ahead).

In the Bay Area, if one destination is not receiving good travel time data, thelineis
blanked out. If both destinations are not getting good data, the entire sign is blanked out
(Travel times on changeable message signs in Cdtrans district 4 — system architecture
and operating rules, 2005).

System Reliability and Accuracy

54. How accurate must travel time information be to gain and maintain public trust? What other
factorsinfluence perceived trustworthiness of travel time data?

(0]
(0]

FHWA recommends at least 90% accuracy, and never less than 80% (Meehan, 2005a).

For ATIS, “Across atypicd trip, traffic information, such as congestion levels, should be
at least 70% accurate.” Local drivers may require higher levels of accuracy than drivers
who are unfamiliar with an area (Campbell et al., 1998).

In asimulated ATIS evaluation, driver trust in the information provided was greatest at
100% accuracy, but even at 71% accuracy the information was still deemed useful.
Driver performance and opinion suffered when accuracy was reduced to 43%. System
inaccuracy had more detrimental effects on trust when drivers were in familiar settings
(Kantowitz et a., 1996).

Simple algorithms are generally accurate enough without using advanced prediction
models (Meehan, 20053a).

Oregon recommends accuracy of at least 70%; the travel time system is more accurate
during free-flow conditions than during periods of congestion (Oregon Department of
Transportation, 2005)

70% of survey respondentsin Japan felt that +/- 5 minutesis an acceptable range.
Acceptable error range was insensitive to overal trip length (Chung et al., 2004).

In Chicago, most drivers believe that travel times are accurate even when they are not
(Galas, pc).
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(0]

In a London system designed to provide bus riders with predictive bus arrival times, 65%
of surveyed ridersfelt that their average wait time decreased after the wait time system
was implemented. Ridersfelt that bus arrival reliability increased even though it had, in
fact, decreased (Smith et a., 1994; cited in Transit Cooperative Research Program,
2003).

55. How does travel time credibility affect the way people use travel time information?

(0]

Positive perceptions of traffic information accuracy has a significant effect on whether
drivers choose to comply with route guidance information (Chen & Jovanis, 1779; cited
in Lerner et al., 2000; Mahmassani & Liu, 1997; cited in Lerner et a., 1998).

Mitigating Undesirable Results of Travel Time Information

56. What safety concerns do travel time messages raise? Might travel time messages |lead to
distraction, slowing, or unsafe driving by causing driversto perform mental travel
time/speed/rerouting cal culations, pay too much attention to time (e.g., look at awatch or clock),
or speed to try to beat calculated travel time estimates? Might encouraging peopleto divert to
unfamiliar and non-freeway routes lead to an increase in crashes?

(0]

“ Some agencies recommend that high accident locations should not be considered for
VMS placement” (Enterprise, 2004, p 34).

A few agencies have reported drivers slowing to read travel time messages; Utah
experienced traffic slowing soon after implementation (Meehan, 2005b) and Kansas City
reports slowing as well as complaints of rear end crashes soon after implementation
(Pinkerton, pc).

In Los Angeles area, traffic slowed measurably during the first days of travel time sign
activity, but returned to baseline levels after two weeks (Caltrans, n.d.).

In California, drivers unfamiliar with travel time signstend to slow to read signs. Locals
slow down when travel times are first implemented, but grow accustomed to them
quickly, though they will still slow if anovel message appears on aCM S usually used for
travel time (Jenkinson, pc).

The majority of people who were “very dissatisfied” with travel timeson CMS (36% of

all survey respondents) believed that signs were causing drivers to slow down to read
them (Caltrans travel time information project summary).

57. What are the best practicesto prevent traffic from slowing and performing other unsafe
behaviors?

(0]

(0]

Do not use animated/motion features because these can result in drivers looking away
from the road for unsafe durations (Lerner et al., 2004).

Bay Arearecommends seeking press coverage and posting message such as“TRAVEL
TIMES COMING SOON ON THIS SIGN” aweek before travel time launch (Margulici
et al., 2006).

Shortly after starting to post travel time, Oregon Department of Transportation heard
from police that drivers were slowing to read messages. Oregon Department of
Transportation then began outreach campaign to educate public about travel time. They
acknowledge that the outreach program should have begun before implementation
(Oregon Department of Transportation, 2005).

In Utah, drivers slowed to read travel time messages after travel time was implemented.
The problematic behavior was drastically reduced when Utah Department of
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Transportation responded with a public information campaign to educate the public
(Meehan, 2005b).

Presentation of Travel Time Information on Portable CM S

58. What are appropriate policies for use of travel times on portable CMS?

0 Except with rare exceptions the Gary-Chicago-Milwaukee (GCM) corridor does not
allow portable CMSfor travel times because spaceistoo limited to provide detailed
messages, visibility isinsufficient, TMCs are generally not equipped to provide wireless
real-timeinfo to CM S not wired into system, and motorists do not expect travel times on
portable CM S (GCM usage guidelinesfor portable CMS).

0 San Antonio has no plansto use portable CMSfor travel time.

0 Roadside location may limit visibility.

0 Wisconsin demonstrated portable travel time in two work zones, but currently only use
portable CM S for incident reporting, not travel time (Langer, 2005).

0 Anlllinois demonstration used a 3-phase message for work zone information and delay
time (see below) (Federal Highway Administration, 2004):

11 MILES '
nHEAD

o

Presentation of Travel Time Information on Non-Freeway L ocations

59. How can freeway travel time be displayed prior to entering a freeway?

0 Wisconsin shows freeway travel time on arterials like this (showing one destination in
each direction of travel on freeway) (Langer, 2005):
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(0]

o0 Altantaarea (Barrett Parkway) has at least two smaller, two-phase board that display

travel time messages prior to freeway entry (phase 1 on left, phase 2 on right) (Georgia
Navigator web site):

COEECMES
NAVGAIER  papReTT PARK AT

COBECMES
NAVGAIER 5 aRReTT PARhIGEY

EARRETTETORDE

May21 12:05 @ 2007 GDOT

(0]

May21 12:053 @ 2007 GDOT

B-42



References

Abdel-Aty, M.A., & Jovanis, P.P. (1997a). Analysisof drivers route choice decisions (unpublished draft
report to the Federal Highway Administration under contract DTFH61-95-C-00017).

Abdel-Aty, M.A., & Jovanis, P.P. (1997b). Factors affecting driver route preferences (unpublished draft
report to the Federal Highway Administration under contract DTFH61-95-C-00017).

Agah, M. (2002). Guidelines on the use of permanent variable message signs. Arizona Department of
Transportation: Transportation Technology Group.

Bogers, E.A.l., Viti, F., Hoogendoorn, S.P., & van Zuylen, H.J. (2006). Vaulation of different types of
travel time reliability in route choice - A large scale laboratory experiment. Presented at the 85"
Annual Meeting of the Transportation Research Board, Washington, DC.

Bushman, R., & Berthelot, C. (2005). Response of North Carolina motorists to a smart work zone
system. Presented at the 84™ Annual Meeting of the Transportation Research Board, Washington,
DC.

Cdlifornia Center for Innovative Transportation (2005). Travel times on changeable message signsin
Caltrans District 4: System architecture and operating rules. California Center for Innovative
Transportation.

Cdltrans (2005a). Caltrans Los Angeles County travel time information project. Caltrans.

Cadltrans (2005b). Travel times on changeable message signsin Caltrans District 4. System architecture
and operating rules. Caltrans.

Caltrans (2006, February 6). Freeway travel time signs expanded to entire Los Angeles County today.
News release. California Department of Transportation.

Caltrans(n.d.). Requirementsreview. Preliminary ATMS travel time guidelines.

Campbell, J.L., Carney, C., & Kantowitz, B.H. (1998). Human factors design guidelines for advanced
traveler information systems (ATIS) and commercial vehicle operations (CVO). Report no. FHWA-
RD-98-057. Washington, DC: Federal Highway Administration.

Chen, I., & Jovanis, P.P. (1997). Trave network simulator study of en route advice compliance
(unpublished draft report to the Federal Highway Administration under contract DTFH61-95-R-
00017).

Chen, K. (2002). ATISPracticesin Europe and North America: A Report on Compar ative Analysis.
ATLANTIC Research Project report.

Chorus, C., Mdlin, E., & van Wee, B. (2007). Travel choice adaptation through information provision:
Insights from a literature review. Presented at the 86" Annual Meeting of the Transportation
Research Board, Washington, DC.

Chung, E., Warita, H., Bgwa, S.u.l., & Kuwahara, M. (2004). Travel time prediction: Issuesand
benefits. In Proceedings of the 10th World Congress on Transport Research, Istanbul, Turkey.

Dudek, C., Trout, N., Booth, S., & Ullman, G. (2000). Improved dynamic message sign messages and
operations. Report no. FHWA/TX-01/1882-2. Austin, Texas. Texas Department of Transportation.

Dudek, C.L. (2003). Developing standards and guidance for changeable message signs in the Manual on
Uniform Traffic Control Devices. Unpublished report prepared for Westat.

Dudek, C.L. (2004). Changeable message sign operation and messaging handbook. Report no. FHWA-
OP-03-070.Washington, DC: Federal Highway Administration, Operations Office of Travel
Management.



Dudek, C.L. (2005). White paper: Impacts of using dynamic features to display messages on changeable
message signs. Washington, DC: Federal Highway Administration, Operations Office of Travel
Management.

Durkop, B.R., & Dudek, C.L. (2003). Texas driver understanding of abbreviations for changeable
message signs. Transportation Research Record, 1748, 87-95.

Edwards, T. (2006). Journey time on VMS. London: Highways Agency.

Federal Highway Administration (2003). Manual on uniform traffic control devices for streets and
highways, 2003 edition. Washington, DC: Federal Highway Administration.

Federal Highway Administration (2004). Intelligent transportation systemsin work zones: A case study:
Real-time work zone traffic control system. Report no. FHWA-HOP-04-018. Washington, DC:
Federa Highway Administration.

Federal Highway Administration (2006). Managing travel demand: Applying European perspectivesto
U.S practice. Washington, DC: Federal Highway Administration.

Highways Agency (2003). Graphical congestion display panels. Final report summary. London:
Highways Agency.

Hoops, S., & Gallegos, S. (2006, June 3). Freeway signs flashing new message: Timeto certain exits.
Ventura County Sar.

I1linois Department of Transportation (2005). Travel time messaging on dynamic message signs -
Chicago, IL. Washington, D.C. Federal Highway Administration, Office of Operations.

ITS Engineers (2004). Non-incident usage of variable message signs and highway advisory radio.
Enterprise.

Kantowitz, B.H., Hanowski, R.J., & Kantowitz, S.C. (1996). Development of human factors guidelines
for advanced traveler information systems and commercial vehicle operations: The effects of
inaccurate traffic information on driver acceptance of in-vehicle information systems. Report no.
FHWA-RD-96-145. Washington, DC: Federa Highway Administration.

Langer, K. (2005). Keeping Wisconsin moving: An overview of WisDOT’s DMStravel times.
Presented at the Talking Operations Web Conference: Travel Times Messages on Dynamic Message
Sgns, September 28, 2005.

Lappin, J., & Bottom, J. (2001). Understanding and predicting traveler response to information: A
literaturereview. Washington, D.C. Federal Highway Administration, Office of Metropolitan
Planning and Programs.

Llaneras, R.E., Lerner, N.D., Huey, RW., & Bensur, A. (1999). Smulator evaluation of influence of
ATISinformation on driver en route decision making (unpublished report to the Federal Highway
Administration under contract DTFH61-95-R-00017).

Lerner, N., Huey, R., Zador, P., Duncan, G., & Harpster, J. (1998a). Information selection experiment
(unpublished draft report to the Federal Highway Administration under contract DTFH-61-95-R-
00017).

Lerner, N., Huey, R., Zador, P., Duncan, G., & Harpgter, J. (1998b). Build-a-message experiment
(unpublished draft report to the Federal Highway Administration under contract DTFH-61-95-R-
00017).

Lerner, N., & Llaneras, R.E. (2000). Driver information demand guiddines. Ensuring that traffic and
routing information conformsto driver information needs. Contract DTFH61-95-C-00017.
Washington, D.C. Federal Highway Administration.



Lerner, N., Singer, J., & Huey, R. (2004). Animation and color in changeable message signs used for
traffic control device applications. Task 1 report: Information search and summary. Washington,
DC: Submitted to Federal Highway Administration.

L ouisiana Department of Transportation and Devel opment (2007). LaDOTD Baton Rouge ITS
operations. Louisiana Transportation Engineering Conference, February 14.

Mahmassani, H., Chen, P., & Srinivasan, K. (1998). Effect of information quality on commuter departure
time (unpublished report to the Federal Highway Administration under contract DTFH61-95-R-
00017).

Mahmassani, H., & Liu, Y.H. (1997). Commuter departure time and route choice behavior (unpublished
report to the Federal Highway Administration under contract DTFH61-95-R-00017).

Mahmassani, H., & Srinivasan, K. (1998). Role of congestion and information in tripmakers dynamic
decision processes (unpublished report to the Federal Highway Administration under contract
DTFH61-95-R-00017).

Margulici, J.D. (2006). Travel times on changeable message signsin District 4: Project narrative.
Cdlifornia Center for Innovative Transportation task order 13. Prepared for CaDOT Division of
Traffic Operations.

Margulici, J.D., Chiou, B., Yang, S, Ban, J,, & Huey, B. (2006). Travel times on changeable message
signsin District 4. California Center for Innovative Transportation task order 13. Prepared for
CaDOT Division of Traffic Operations.

McCabe, K., & Valera, Y. (2003). Graphical congestion display panels. London: Highways Agency.

Meehan, B. (20054). Travel times on dynamic message signs. Presented at the Talking Operations Web
Conference: Travel Times Messages on Dynamic Message Sgns, September 28, 2005

Meehan, B. (2005b). Travel times on dynamic message signs. I TE Journal, 75 (9), 23-27.
Meehan, B., & Rupert, B. (2004). Putting travelersin the know. Public Roads, 68 (3).

Mehndiratta, S.R., Kemp, M.A., Lappin, J.E., & Brand, D. (1999). What advanced traveler information
system information do users want? Evidence from in-vehicle navigation device users.
Transportation Research Record, 1679, 41-49.

Miller, C., Spyridakis, J., & Haselkorn, M. (1994). A development tool for advanced traveler information
systems screen designs. IVHS Review:  An in-print forumfor opinion and analysis, Summer: pp. 75-
97.

Minnesota Department of Transportation (1998). Trilogy operational test. Final report. Minnesota
Department of Transportation.

Neudorff, L.G., Randall, JE., Reiss, R., & Gordon, R. (2003). Freeway management and operations
handbook. Report no. FHWA-OP-04-003. Washington, D.C. Federal Highway Administration.

Oregon Department of Transportation (2005). Travel time messaging on dynamic message signs -
Portland, OR. Washington, DC: Federal Highway Administration, Office of Operations.

PBS& J (2004). Amber, emergency, and travel time messaging guidance for transportation agencies.
Washington, D.C. Federal Highway Administration, Office of Operations.

Pesti, G., McCoy, P.T., Meisinger, M.D., & Kannan, V. (n.d.). Evaluation of work zone speed advisory
system.



Richards, A., McDonald, M., Fisher, G., & Brackstone, M. (2005). Investigation of driver
comprehension of traffic information on graphical congestion display panels using adriving
simulator. European Journal of Transport and Infrastructure Research, 4 (4).

Raoskam, A; Uneken, E; de Waard, D; Brookhuis, K; Breker, S; Rothermel, S. (2002). Evaluation of the
comprehensibility of various designs of afull colour information panel. In D. de Waard, K.A.
Brookhuis, J. Moraal, & A. Toffetti (Eds)) Human Factors on Transportation, Communication,
Health, and the Workplace (pp. 231-244). Maastricht, the Netherlands: Shaker.

Ross, T., Midtland, K., Fuchs, M., Pauzie, A., Engert, A., Duncan, B., Vaughan, G., Vernet, M., Peters,
H., Burnett, G., & May, A. (1996). HARDIE design guiddines handbook: Human factors guidelines
for information presentation by ATT systems. DRIVE Il Project VV2008.

Rupert, B., Wright, J., Pretorius, P., Cook, G., Hutchinson, K., Kel, W., Lister, H., Nevarez, M., Sanders,
L., Schuman, R., Taylor, R., & Almborg, J. (2003). Traveler information systemsin Europe. Report
no. FHWA-PL-03-005. Washington, DC: Federal Highway Administration.

Smith, R., Atkins, S., & Sheldon, R. (1994). London transport buses: ATT in action and the London
countdown route 18 project. In Proceedings of the First World Congress on Applications of
Transport Telematics and Intelligent VVehicle-Highway Systems, Paris, France, pp. 3048—3055.

Strain, R.L. (2005). San AntonioTransGuidetravel time program. Presented at the Talking Operations
Web Conference: Travel Times Messages on Dynamic Message Sgns, September 28, 2005.

Texas Department of Transportation (2005). Travel time messaging on dynamic message signs -
Houston, TX. Washington, D.C. Federal Highway Administration, Office of Operations.

Transit Cooperative Research Program (2003). Real-time bus arrival information systems. TCRP
Synthesis 48. Washington, DC: Transportation Research Board.

U.S. Department of Transportation (20057). Intelligent transportation systems for traveler information:
Deployment benefits and lessons learned. Washington, D.C. U.S. Department of Transportation.

Webb, R.M. (2004). Use of travel time information on dynamic message signs. In Compendium; Papers
on Advanced Surface Transportation Systems, Texas A&M University.

Wisconsin Department of Transportation (2006). WisDOT DMS policies and procedures. Wisconsin
Department of Transportation.

B-46



Personal Communications

Name Affiliation Travel TimeL ocation
Clayton, Robert Utah DOT Salt Lake City, UT
Connell, Steve Texas DOT Forth Worth, TX
Dembowski, Doug Wisconsn DOT State of Wisconsin

Fariello, Brian

Galas, Jeff

Heller, Jennifer
Jacobson, Eldon
Jenkinson, Mike
Koeberlein, Robert
Lively, David
Pinkerton, Troy
Sommerhauser, Mark
Vik, Timothy

Texas DOT, San Antonio District
[llinois DOT

FloridaDOT, District 5
Washington State DOT

Caltrans

Idaho DOT

Caltrans

Missouri DOT

Missouri DOT

San Antonio, TX

Chicago, IL

Orlando, FL

Seattle, WA

State of California

Boise, ID

State of California

Kansas City and St. Louis, MO
Kansas City and St. Louis, MO

DAAR Engineering at Wisconsin DOT  State of Wisconsin

B-47



